ABSTRACT: A portion of Hillsborough Bay (Tampa, Florida, USA), part of the Tampa Bay estuary, undergoes annual summer defaunation, presumably due to hypoxia. Dissolved oxygen levels are very low (< 1.0 mg 1-l) at the times of the defaunations. In the ensuing period between defaunations, recolonization occurs. Monthly samples for 42 consecutive months were collected by SCUBA-diver-operated, hand-held PVC cores and screened through a 0.5 mm sieve. Eight species, Mysella planulata, Arnpelisca abdita, Streblospio benedicti, Grandjdierella bonnieroides, Mulinia lateralis, Mediomastus californiensis, Cyclaspls sp. and Nereissuccinea were numerically dominant, accounting for more than 95 % of the total density during the entire penod. These 8 species are all classified as r-strategists and utilize several dispersal mechanisms to attain large populations rapidly. Circumstantial evidence is presented which indicates that Arnpelisca abdita, although classified as an r-strategist, may be an effective interference competitor
INTRODUCTION
Recolonization patterns of marine soft-bottom benthos following disturbance have been examined from the viewpoint of community establishment (Brunswig et al., 1976; Dauer and Simon, 1976; Simon and Dauer, 1977; McCall, 1977; Santos and Simon, 1980) , succession (Bagge, 1969; Leppakowski, 1969; Pearson, 1975; Rosenberg, 1973; 1974 , 1976 Pearson and Rosenberg, 1978; Santos and Bloom, in prep.) , and stability (Peterson, 1975; Conner, 1977; Gray 1977; Santos and Bloom, in prep.) . In most instances however, the scope of the investigations has followed isolated disturbances and moreover, the severity of the disturbances has not approached catastrophic magnitudes (catastrophic is defined as the level of disturbance that causes extirpation of the organisms from the area investigated).
Because most catastrophic events are aperiodic, at least on a n ecological time frame, and hence unpredictable, investigations on their effects have been of a limited or 'one shot' nature, and thus unrepeatable. A few studies in estuarine systems (Tenore, 1972; Watling, 1975; Holland et al., 1977) noted annual catastrophic cycles, but because these were not the focal point of the studies, they were not treated i n detail. Yet areas that undergo periodic catastrophic disturbance (providing the frequency of the disturbance is low enough to allow growth and reproduction of the colonizing organisms) lend themselves to the examination of such ephemeral con~munity parameters as succession and stability and also of adaptive strategies of the colonizing species. In this paper we describe the dynamics of the numerically dominant infauna in response to annual catastrophic disturbance in a South Florida estuary.
METHODS AND MATERIALS
The study site ( Fig. 1 ) is located about 50 m ESE from the Ballast Point pier on the western side of Hills-During the period February 1975 to July 1978, monthly samples (with a single exception) were collected with SCUBA-diver-operated, hand-held PVC cores (inside diameter = 7.62 cm, surface area = 45.60 cm2) to a depth of 15 cm. Sixteen cores were taken ~nitially; species saturation curves (Holme, 1953) were generated and drawn by the computer program SPAREA (Bloom et al., 1977) . As each of the curve generations demonstrated that the asymptote was reached by the ninth core, 10 cores were taken to insure an adequate sample size at subsequent collections. All samples were sieved through a 0.5 mm mesh screen. The portion retained was narcotized in a Florida, USA. Arrow denotes sample site 0.15 % solution of propylene phenoxetol (McKay and Hartzband, 1970) and fixed in 10 % formalin to which rose bengal had been added (100 mg 1-l) (Mason and Yevich, 1967) . All benthic macrofauna were sorted from the sediment, identified to the lowest practical taxon and enumerated. Fauna1 counts from each core were processed through the computer program DAT-PUN (Bloom et al., 1977) to obtain density values on a per-square-meter basis. Monthly biomass was determined by the ash-free dry weight method (Crisp, 1971; Paine, 1971) ; specimes from all cores were pooled before processing.
All specimens were dried at 60 "C for at least 24 h, then ashed in a muffle furnace at 550 "C for 4 h and brought to constant weight. Biomass was calculated as the difference in weight before and after ignition.
Sediment samples were taken monthly, beginning July 1977, to determine particle size distribution and total organic content. Samples were wet-sieved through a Wentworth series of screens and dried at 60 "C. After bringing to constant weight, each fraction was weighed and cumulative percentages in phi units plotted (Krumbein, 1936) . Mean phi and sorting coefficients were determined by the computer program SEDANA (Bloom et al., 1977) according to the formulae of Inman (1952) . Total sediment organic carbon was also determined by the ash-free dry weight method (Byers et al., 1978) . Differences in monthly sediments were tested for by a randomized complete block analysis of variance (rcbANOVA), where times (monthly samples) were considered treatments and sorting coefficient, mean phi and percent silt/clay values were considered blocks; a probability level of a = 0.05 was used.
All computer programs were written in FORTRAN IV and run on an IBM 37 0 computer at the University of South Florida Computer Research Center.
Temperature, dissolved oxygen and salinity measurements were made monthly by the Hillsborough County Environmental Protection Commission. All measurements were made in the field with a Hydrolab Surveyor, Model 6-D, that had been calibrated to standards before each use.
RESULTS
Temperatures ranged from 9"-31 "C, dissoIved oxygen from 0.4-9.6 mg 1-' and salinity from 7-30 %O (Fig.  2) . The values corresponding to the defaunation periods are given in Table 1 . Analysis of variance of mean phi, sorting coefficient and percent silt/clay values (Table 2) showed no significant differences between months.
A total of 80 species was present during the study period (see Appendix). The polychaetes were the dominant taxon, accounting for 33 % of the total species composition followed by the amphipods and bivalves, respectively (Table 3 ). The number of species, total density ( # m-2) and biomass (g dry weight m-') ranged from 0-29, 0-216,577 and 0-27, respectively (Fig. 3) . Annual cycles following the defaunations were similar in 1975 and 1976, and characterized by: a few months to recover, rapid rise to high values, an abrupt crash to zero followed by a few months of recovery and return to high values. In 1977 the pattern differed slightly. The required time to attain peak values was about the same but the crash was gradual, requiring >2 months (Fig. 3B) . In all three cycles recolonization was apparent within 1 month following the defaunation.
Eight species cumulatively accounted for 95.69 % of the total density during the entire study (Table 4) ; these species will be referred to as core species. With the exception of the first or second sampling periods immediately following a die-off (the third after the 1976 die-off), some members of the core group were always dominant at each sampling period (Table 5) . Densities of these 8 individual species throughout the study are presented in Figure 4 . Their occurrences are summarized below.
dominant species for the first 7 months of the study (Table 5) . After the 1975 die-off, it reappeared within 4 months and attained a density of 72,000 m-2 just before the 1976 die-off. Thereafter it again became dominant for a few months, disappeared for 2 months and was on the increase when the 1977 die-off occurred; densities were always < 2000 m-'. After the 1977 die-off, it never occurred at densities high enough to be included in the top five rankings; densities were maximally from 1000 to 4000 m-' .
, , , , r , , . (Fig. 4B ) is a tube-dwelling ampeliscid amphipod that occurred in very high densities during the first 2 years of the study (to 110,000 m-2). After the 1975 die-off, it reappeared within 2 months and by the sixth month attained top rank ( (Fig. 4F) , a small capitellid polychaete, was not present in the study area until after the 1977 die-off. It 4H) , a nereid polychaete, showed little variation in maximum density throughout the study (1000 to 3000 m-2). The reason for the change of rankings in Table 5 is attributable to the changes in densities of other species rather than large fluctuations in the density of Nereis.
DISCUSSION AND CONCLUSIONS
The actual causative agent of the defaunation is unknown; however, the extremely low dissolved oxygen levels which coincided with the actual die-off appear to be the prime suspect. Because the bottom of the study area is impossible to define at times due to its flocculent nature, the measurements were probably made above the actual sedimentlwater interface and are in all likelihood overestimates of conditions at the bottom.
Because the environmental parameters varied widely, even to catastrophic magnitudes, the study area can be regarded as structured by physical rather than biological forces (sensu Sanders, 1969) . Although no significant differences in sedimentary parameters existed among the sampling periods, it is always possible that subtle changes in the structure of the sediment may affect settling larval organisms. For example, changes in silt/clay content may alter the dominant trophic type of the community (Sanders, 1958) .
Because of the strong influence of physical factors, 2~2 m E o Z c , one would expect the taxa to display life-history strategies tending toward r-selection (Grassle and Grassle, 1974; McCall, 1977) . Briefly stated, r-selected species are opportunistic, whereas K-selected species are equilibrium species (for a more detailed view of these ideas, see MacArthur and Wilson, 1967; Pianka, 1970 Pianka, , 1974 . Of the 80 taxa present at sometime during the study, the top ranked 8 (core) species, comprising > 95 % of the total density, have been classified by various authors (Grassle and Grassle, 1974; McCall, 1977; Rhoads et al., 1978) as r-selected. The remainder (72 taxa accounting for < 5 % of the density) may be divided into 2 groups, those occurring 10 % or less of the time and those occurring more than 10 % of the time. The first group may be considered as accidently occurring and are eliminated from further discussion. Of the remaining 33 taxa, occurrences at sampling periods vary, and although they may numerically dominate at some sampling periods (e.g. Oct. 1976, Table 5 ) densities are extremely low (< 66 m-2). The locations of most of these taxa on the r-Kcontinuum are unknown. Some of these taxa are capable of initially recolonizing the defaunated sediment (Santos and Simon in press) but are unable to attain high densities. Rhoads et al. (1978) suggest that although equilibrium species are capable of initial recolonization of marine soft-bottom environments, they cannot attain high densities until a 'microbial' garden has developed on the sediment particles. We do not feel that this is responsible in the present study because bacteria are present in the sediment throughout a cycle (L. Buckman, personal communication). In the studies by Rosenberg (1972 Rosenberg ( , 1973 , Grassle and Grassle (1974), McCall (1977) and Rhoads et al. (1978) , as colonization proceeded, the density of opportunistic species decreased while the density of equilibrium species increased. A decrease of r-selected species densities and increase of K-selected species densities did not occur in the present study. The 8 above-mentioned core species never relinquished their 'hold' on density dominance. As the above-cited studies were performed in areas that did not undergo periodic naturdl defaunations, environmental pressures and conditions are most likely different from Hillsborough Bay. Wolff et al. (1977) , studying recolonization in a shallow embayment of the North Sea, also did not observe a shift from r-to K-selected species density dominance. They attribute this lack to severe winter storms, which cause local defaunations in the bay creating empty patches, allowing the rselected species to persist.
In the present study, the basic response of the organisms to the newly available habitat is repopulation by many species (15-29) with 1-6 species dominant at different times during the cycle. Organisms which are able to attain high densities rapidly (r-selected species) are usually adapted for ( l ) some type of brood protection and (2) good dispersal abilities as larvae, juveniles or adults. Of the core group, the only species that have not been observed brooding young are Nereis succinea and Mulinia lateralis (personal observation). All, except Mysella planulata, from the study also appear to have a pelagic dispersal mechanism either as adults or larvae. This observation is in contrast to the findings of Franz (1973) and Ockelmann and Muus (1978) . They found that M. planulata from Long Island Sound (Franz, 1973) and M. bidentata from the northern Oresund (Ockelmann and Muus, 1978) brooded their young only to the veliger stage. These were then released into the water column and assumed a planktotrophic development. M. planulata from the present study were observed releasing fully developed juveniles. M. sovaliki from Alaska has also been reported to brood juveniles until they are ready to assume a benthic existence (Ockelmann and Muus, 1978) . Some species of spionid and cirratulid polychaetes (George, 1967; Simon, 1968; Woodwick, 1977) have been observed to produce two types of larvae, free-swimming for long range dispersal and benthic for local dispersal. Whether Mysella or any other species from this study is capable of this behavior is unknown. If the M. planulata from the present study did not produce a pelagic larval stage, this could account for the longer recovery period of this species. Ampelisca, on the other hand, has both an adult and juvenile pelagic dispersal mechanism and broods its young, Because of its tendency to migrate and settle en masse (Mills, 1967) , it could rapidly attain high densities. The early maturation of Streblospio larvae, their brooding behavior and their ability to disperse pelagically as late stage larvae most likely is responsible for their success. Grandidierella and Cyclaspis follow the same strategy as Ampelisca. Nereis is capable of both adult and larval pelagic dispersion while Mulinia has only a larval type. Egg masses of Mediomastus have been observed in their tubes but not enough of their biology has been observed to allow supposition.
In the present study, not all core species were present each year, and of those that were, densities fluctuated widely. The two dominant species during the first two cycles, Ampelisca and Mysella, either did not appear during the third (1977-78) cycle or appeared in such reduced numbers that a ranking in the top five was never attained. Streblospio, which prior to the 1977 die-off had been present at low densities at scattered intervals, became dominant for the entire 1977-78 cycle. Simultaneous to this, Mediomastus, which had been absent, appeared and attained very high densities.
The loss of Ampelisca after the 1977 die-off is unexplainable. The rapid increase of Streblospio and Mediomastus, however, may b e related to the disappearance of Ampelisca. Although no experimental data verify this possibility, circumstantial evidence is strong enough to allow speculation. Streblospio is a small (5-15 mm long, l mm wide) tube-building polychaete that resides in the upper 1-2 cm of the substratum. If its densities are high, mats are produced on the surface. In some cases, one of us (SLS) has lifted the entire mat from the sediment similar to a piece of sod. The composition of the mat is such that it soon breaks apart. Ampelisca is also a tube-builder, constructing a larger tube extending deeper into the sediment. Ampelisca lie on their backs and feed by thrashing the antennae across the sediment-water interface, causing detritus to b e suspended (Mills, 1967) . They then filter the detritus from the water. Ampelisca also periodically vacate their tubes and swim en masse in the water column (Mills, 1967) . Later they settle, build tubes and resume feeding. Possibly Ampelisca limits Streblospio populations in two ways. First, if Streblospio already are established, the settlement, tube-building and feeding behavior of Ampelisca would disrupt the Streblospio tubes. Secondly, once Ampelisca is established, feeding behavior would prevent successful recruitment of juvenile Streblospio (and perhaps other species as well).
Once the conditions which caused the defaunation abate, recolonization proceeds rapidly. Regardless of whether the initial recolonization is by members of the core group or any of the other taxa, the subsequent colonization sequence appears stochastic (Santos, 1979) . However, due to the dispersal and brooding behavior, once all or some of the core species become established, they numerically dominate until the next defaunation. The conditions which allow the r-selected species to numerically dominate throughout the year, even in the presence of species that are probably more K-selected are unknown. One of the proposed hallmarks of being a good opportunistic species is a lack of competitive ability (Pianka, 1974 ), yet a s suggested by Ampelisca, this may be an overgeneralization. In fact, Ampelisca may b e a very effective interference competitor. 
APPENDIX

